SUMMARY: A comparative study of the feeding ecology of Nephrops norvegicus was carried out on a seasonal basis simultaneously in seven locations in the Eastern and Western Mediterranean and the adjacent Atlantic: the south coast of Portugal, Faro; the Alboran Sea, Malaga; the Catalan Sea, Barcelona; the Ligurian Sea, Genoa; theTyrrhenian Sea, Pisa; the Adriatic Sea, Ancona and the Aegean Sea, Gulf of Euboikos. The major groups observed (frequency of occurrence method) in the stomachs of Nephrops norvegicus were decapod crustaceans, other crustaceans (euphausids and peracarids) and fish. The results obtained showed no significant differences between sites or seasons, and can be considered very consistent. All major taxa were present in the diet at all sites and for all seasons, a fact that can be explained by the great similarity of the bathyal fauna in all sites, which provide a major trophic resource for N. norvegicus. The percentage of fullness was also estimated per site and season, and we registered a clear decrease of this value during the summer period for all sites, except the Tyrrheanian Sea, where the lowest value was found in autumn. PCA -analysis did not clearly separate the regions (sites). The Shannon-Weaver (H'), index of diversity, was also determined per site and season, and we found a significant difference between the values of the Atlantic coast and the Western Mediterranean when compared with those of the Eastern Mediterranean.
INTRODUCTION
Nephrops norvegicus (L. 1758) (Decapoda: Nephropidae) is a species with a wide geographical distribution, from North-west Atlantic coasts to the East Mediterranean Sea (Zariquiey-Álvarez, 1968) . Its bathymetric distribution in the Mediterranean extends from the continental shelf to bathyal grounds, reaching depths of 871 m in the western Mediterranean (Abelló et al., 1988) , although maximal densities are found between 245 and 485 m (Cartes et al., 1994) . In the Atlantic its bathymetric distribution extends from a mere 10 m to 720 m, but in the south coast of Portugal, maximal densities are found between 300 and 600 m (Figueiredo, 1988) . The closely related genus Metanephrops (Holthuis, 1974 ) has a predominantly Indo-Pacific distribution, with a similar bathymetric range on the continental slope to that of N. norvegicus (Berry, 1969; Holthuis, 1974; Wassenberg and Hill, 1989) . N. norvegicus is always one of the dominant species in the bathyal crustacean decapod assemblages in the western Mediterranean (Abelló et al., 1988; Cartes et al., 1994) , the eastern Mediterranean (Froglia and Gramitto, 1995) , and the eastern Atlantic coast (Figueiredo, 1988; 1989) .
Due to its great ecological and commercial importance, Nephrops norvegicus has been a target species for a number of biological studies (Figueiredo, 1965; Figueiredo and Nunes, 1965; Figueiredo and Thomas, 1967a,b; Sardà, 1983; 1991; Sardà, 1995) , which have focused mainly on growth, reproduction and moulting, which are aspects of major importance for stock assessment and management. In contrast, there have been few studies on its diet and food consumption (Thomas and Davidson, 1962; Lagardére, 1977; Gual-Frau and Gallardo-Cabello, 1988; Sardà and Valladares, 1990; Mytilineou et al, 1992) , and feeding behaviour (Thomas and Davidson, 1962; Loo et al., 1993) . These results indicate that N. norvegicus is a euryphagous and non-selective species, consuming a great variety of crustaceans, fish, and molluscs, either as an active predator or scavenger. In contrast, the closely relat-82 M. CRISTO and J.E. CARTES ed Metanephrops sp. seems to be more selective in its diet (Berry, 1969; Wassenberg and Hill, 1989) . The diet of N. norvegicus is influenced by its body size (Mytilineou et al., 1992) , which is a general characteristic of several other decapod crustaceans (Cartes and Sardà, 1989; Freire and González-Gurriarán, 1995; Freire, 1996) . The above studies, refer to populations of Norway lobster from the Bay of Biscay (East Atlantic), Catalan Sea (Northwest Mediterranean) and the Aegean Sea (Northeast Mediterranean). To date, studies of the diet of Nephrops norvegicus have been carried out only in specific geographic areas. The main objective of the present study, beyond the description of the diet of N. norvegicus, is to compare the diet in different seasons in seven locations in the Mediterranean and the adjacent Atlantic.
MATERIAL AND METHODS
During 1994-1995, seasonal samples (Spring, Summer, Autumn and Winter) were collected simultaneously, in 7 different sampling sites: the south coast of Atlantic Portugal, Algarve, Faro (P), the Alboran Sea, Malaga (M), the Catalan Sea, Barcelona (B), the Ligurian Sea, Genova (L), Tyrrhenian Sea, Pisa (T), and Adriatic Sea, Ancona (A) in the Italian Peninsula, and the Aegean Sea, Euboikos Gulf, Greece (G) ( Table 1 ). Fixation and preservation of samples with a standard methodology for all areas was carried out. Due to technical problems it was not possible to obtain samples for all seasons in all the areas.
Approximately seventy individuals of Nephrops norvegicus were collected in each sample for the present study. From these a subsample of 1/3 was taken for stomach content analysis (Table 1) . A total of 1294 individuals were dissected for the estimation of stomach fullness, while a total of 432 stomach contents were studied for the analysis of diet composition. To avoid potential bias of the effect of body size upon diet (Mytilineou et al., 1992) we selected as target individuals those with carapace lengths between 30 and 40 mm, for each site and for each season. For each individual, sex and carapace length were registered with a minimum precision of 1 mm (measurements rounded to the millimeter below). The Norway lobsters were fixed in 10% formalin or preserved in 70% alcohol after collection.
Fullness was determined visually using a scale of 11 points between empty stomach (0=0%; 1=1%-10%…) and full stomach (10=91%-100%). For the diet analyses we observed approximately 20 stomachs independently of sex, since there are no major differences in feeding between males and females (Mytilineou et al., 1992 ; own unp. data). To correct for the possible underestimation of soft prey items (Sardà and Valladares, 1990) we chose for the analysis of feeding only stomachs have contents of equal to or greater than 20% of gut volume. Stomach contents were identified to the lowest possible taxonomical level. For the comparative study of the diet between site and season, we considered the frequency of occurrence (%F), and number of food-items (N), according to traditional methods in dietary studies (Hyslop, 1980) .
For the statistical treatment of data we used a multivariate analysis, since it helps to: i) enhance the data structure; and ii) synthesize the data, thereby permitting a better understanding and a better representation of results (Gauch, 1982) . We used a PCAPrincipal Component Analysis (Pielou, 1984) . The program used was NTSYS 1.8 (Rohlf, 1993) .
The PCA was carried out on the matrix of %F (frequency of occurrence per site and season). The Shannon-Weaver (Poole, 1974) diversity index (H') was calculated from numbers (N). For both calculations we used 17 prey-groups, per site and season, excluding non-identified material, and forami-nifera, since their presence in the stomach contents was considered to be the result of accidental or passive ingestion with sand when preying or scavenging on larger prey.
RESULTS
The mean fullness was calculated separately for females and males (Table 2) . Percentage of empty stomachs (0% to 10%) was also determined per site/season for females and males (Table 3) .
A total of 1071 food-items belonging to 119 prey-categories (Table 4) were identified. Stomach contents were composed mainly of small pieces of crustacean carapace, bivalve and gastropod shells, fish vertebrae and otoliths, and other hard and soft parts of prey. From the analysis of the diet we identified 19 prey-groups, including non-identified material. We have considered as non-identified material several amorphous soft portions that we could not assign with certainty to any taxon (in some cases it could have belonged to gelatinous plankton or molluscs, and was always in an advanced state of digestion). Percentage frequency of occurrence results were based on these 19 major groups (Table 5) , including non-identified material.
In terms of percentage of occurrence (%F) decapod crustaceans were always the main prey-group followed by other crustaceans (euphausids and peracarids) and fish (Fig. 1) . Although the composition of the diet was similar in all sites studied, some minor local and seasonal variations were observed in secondary prey groups. Tunicates were very frequent in stomach contents from the Tyrrhenian Sea 84 M. CRISTO and J.E. CARTES almost year-round. Cnidarians (mainly siphonophora) were also frequently found in stomach contents throughout the year, while Gastropods were more frequent in the Adriatic and in Euboikos Gulf than in other areas. The Principal Component Analysis (PCA) results were based on the values of frequency of occurrence per site and season (Figs. 2, 3) . No clear OTUs (Operational Taxonomic Units: site per season) distribution structure can be seen on axes 1, 2, which explain only 36.2 % of the total variability ( Table 6 ). The contribution of the variables to these principal axes (Fig. 2) suggests the presence of a "horse-shoe" effect (Gauch, 1982) which can be the consequence of the gradient of their occurrence, between the low average values on a reduced number of OTU's and high average values for a significant number of OTU's. This would explain both the slow decrease in the extracted eigenvalues and the above mentioned lack of a spatial structure among the OTU's.
Through the examination of Fig. 2 , we notice one situation, Catalan in Spring (BSp), that is a clear outlier. The food contents in this sample were clearly dominated by gastropods, euphausids, non decapod crustaceans and fish, which pull BSp to the inferior left quadrant of the graph (Fig. 3) . Based on the values of diet diversity (H´), Western Mediterranean and Atlantic sites are different from those of the Eastern Mediterranean basin (Fig. 4) . The sites of Atlantic, Alborán Sea, Catalan Sea, Ligurian Sea, and Tyrrhenian Sea show very homogeneous and significantly higher (p<0.05; non-parametric Kruskall-Wallis test) (Siegel and Castellan, 1988) values than those from the eastern Mediterranean (Adriatic and Euboikos Gulf). Seasonal variations can be observed among sites. In general, for the western sites, Autumn and Winter were characterised by a lower diversity, while eastern stations did not follow this pattern.
DIET OF N. NORVEGICUS IN THE MEDITERRANEAN AND ADJACENT ATLANTIC 87
P-Su A-Wi T-Su T-Sp L-Sp T-Wi G-Su G-Sp M-Au A-Su A-Au T-Au P-Su P-Sp B-Sp A G-Au M-Wi L-Su
DISCUSSION
From our general results of the diet composition study, we can deduce that Nephrops norvegicus is a generalist species in terms of the food resources it exploits; results which are consistent with previously published work (Lagardère, 1977; Gual-Frau and Gallardo-Cabello, 1988; Mytilineou et al., 1992) . According to aquarium observations, their feeding behaviour is based upon active prey capture (Thomas and Davidson, 1962) as well as scavenging activity. In our observations, we found fish remains (chondricthyes), and other large prey (crabs), as well as small prey such as amphipods or isopods, among which were several necrophagous lysianassids and cirolanids; a finding also reported by Lagardère (1977) . Sand, mud or foraminiferans can be ingested in a passive way from sediment, a fact also reported by the same authors. Foraminiferans were among the smallest whole ingested particles, with a minimum size of 1 mm. In the present study we could not find any smaller particles which could be attributable to ingestion by suspension feeding (Loo et al., 1993) . 
